Phytochrome that has been photoinduced to peBet by irradiation of intact oat (cv. Garry) shoots and recovered from a pellet obtained by centrifugation of crude extracts exhibits modified behavior when compared to soluble phytochrome isolated from shoots that had never been irradiated. This modified behavior includes retarded mobility during sodium dodecyl sulfate polyacrylamide gel electrophoresis (Boeshore ML, LH Pratt 1980 Plant Physiol 66: 500-504). The electrophoretic mobility of several different kinds of phytochrome preparations were examined to study how this modification might arise.
pelletability induced in vivo. Phytochrome that was extracted in the pelletable condition and in the far-red-absorbing form, but without added divalent cation so that it did not pellet, and phytochrome in the far-red-absorbing form that remained in the supernatant after colection of pellets containing pelleted phytochrome both electrophoresed with reduced mobility. Thus, this modification does not arise as a consequence of phytochrome having been pelleted. Differential sensitivity of phytochrome to different handling conditions also is not the cause of this modification since the far-redabsorbing form of phytochrome, which was extracted in the pelletable condition but by the same protocol used to extract soluble phytochrome, also exhibited reduced mobility. Furthermore, the reduced electrophoretic rate is not due to a simple differential lability of the far-red-absorbing form of phytochrome to extraction conditions, since partially purified soluble phytochrome that was exposed in the far-red-absorbing form to the isolation and extraction conditions used for preparation of soluble phytochrome did not exhibit the alteration.
The data are instead consistent with the more complex interpretation that phytochrome is modified in vitro if two conditions are met: (a) that phytochrome is extracted in the far-red-absorbing form or is converted to the far-red-absorbing form in the crude extract soon after extraction and (b), that phytochrome remains in the far-red-absorbing form in the crude extract for at least a brief period.
The possibility that the phytochrome modification studied here might have arisen because of a change in carbohydrate content was tested by periodic acid Schiff staining of sodium dodecyl sulfate polyacrylamide gels. No carbohydrate was detected in any of the phytochrome preparations that were examined. This inability to detect carbohydrate is in direct contrast to the report of Roux The in vivo process that leads to photoinduced phytochrome pelletability is potentially related to initial events in the mechanism of action of phytochrome (13) . Satter and Galston (15) and Marme (8) , among others, have proposed that phytochrome pelletability might be the in vitro expression of a significant biological interaction between phytochrome and a proposed membranebound receptor. No direct experimental evidence has been presented to validate this hypothesis, however.
The induction of R3-enhanced pelletability is itself a classical, photoreversible phytochrome-mediated response which occurs within 5 s at 25 C (10, 12, 13) . Even though phytochrome pelletability induced in vivo might not represent a biologically important interaction between phytochrome and a membrane or membranebound receptor, the phenomenon is of interest because it is closely related in time to the primary action of phytochrome.
Earlier we confirmed and extended data (3, 17, 18 ) that documented a change in the properties of phytochrome that had been associated with and released from a particulate fraction as Pfr (1) . This change in phytochrome, which is most easily seen as reduced mobility during SDS polyacrylamide gel electrophoresis, might occur prior to, during, or after the association of phytochrome with particulate material. Thus, phytochrome modification might be required before pelletability can be expressed in vitro, or the modification might be generated while phytochrome is associated with the particulate fraction. Alternatively, pelletability and the modification might not be causally related. More trivial explanations of the modification include differential sensitivity of phytochrome to different extraction environments and a differential reactivity of Pr and Pfr to extraction conditions. An operational description of phytochrome pelletability as induced in vivo leads to the definition of multiple phytochrome "species" (Fig. 1 ). Phytochrome as synthesized by the cell behaves as a soluble protein upon extraction (Pr"0). Upon irradiation of tissue with R, phytochrome is converted to Pfr which, if extracted immediately, also behaves as a soluble protein (Pfr'") even in the presence of added divalent cation (12, 13) . In a rapid (complete within 10 s at 25 C), nonphotochemical process that is dependent upon temperature and phosphorylative energy (12, 13) In this paper we examine the different phytochrome preparations defined above to study the cause of the previously documented (1) modification of phytochrome. In particular, we ask whether there is a causal relationship between phytochrome pelletability induced in vivo and this phytochrome modification. Since Roux et al. (14) reported that phytochrome contains 4% carbohydrate, and since covalently attached carbohydrate residues are known to alter electrophoretic mobilities significantly (2), we also consider the possibility that this phytochrome modification might be related to a change in carbohydrate content.
MATERIALS AND METHODS
Oats, cv. Garry, were grown in darkness at 25 C for 4 to 5 days at near-saturating humidity (9) . Freshly harvested shoots were extracted to obtain all labeled phytochrome preparations. Fresh tissue was also extracted to obtain all unlabeled phytochrome preparations, except that frozen tissue was used occasionally for preparation of Pr".
Actinic Irradiations. The R source for in vivo irradiations is the same as that used previously for irradiation of tissue (1) (12) . Pre"P was not studied.
Pr"t was prepared by brushite chromatography followed by 0 to 33% ammonium sulfate fractionation as described before for "control phytochrome" (1 homogenizer. After homogenization the extract was chromatographed through brushite and fractionated with ammonium sulfate as for Pr". Actinic FR was given either before or after the ammonium sulfate fractionation. We observed no difference due to the variability in the time at which FR was given.
PfrPle and PrP'le preparations were obtained from fresh shoots using the same extraction and isolation conditions as those used
for Pr"l. Tissue was irradiated for 3 min with R before extraction ofPfrP 'le and for 3 min with R followed by 3 min with FR before extraction of PrPle,
PrKl was extracted and purified as for Pr"' from tissue that was first irradiated for 3 min with R followed by 3 min with FR and then incubated for 4 h in darkness at 4 C (12).
PfrP " was released from the particulate fraction obtained by centrifugation of crude extracts of R-irradiated shoots in the presence of MgCl2 as described earlier (1) . PrP'ed was extracted and isolated in the same way except that tissue was given 3 min FR immediately after R treatment and before extraction. 
0. resis, aliquots of immunoprecipitates that had been prepared for electrophoresis. After electrophoresis, gels were cut, slices were dissolved, and radioactivity was counted by liquid scintillation as before (1) . Radioactivity profiles of phytochrome monomers taken from SDS polyacrylamide gels are presented as the percentage in each slice of the total radioactivity in each peak.
Micro Complement Fixation. Micro complement fixation assays were performed as described by Levine and Van Vunakis (7) .
Analytical Gel Filtration. Phytochrome preparations were chromatographed through a Sephadex G-200 colunm (2.4 x 98 cm) with 0.1-M Na-phosphate (pH 7.8). A void volume marker, blue dextran, and a total volume marker, tryptophan, were added to each sample before application to the column (9).
Carbohydrate Assay. Phytochrome preparations that were tested for carbohydrate content by PAS staining of SDS polyacrylamide gels after electrophoresis of phytochrome were prepared as follows. Immunopurified undegraded oat phytochrome was prepared as described by Hunt and Pratt (4). Barley (Hordeum vulgare L., cv. Harrison), rye (Secale cereale L., cv. Balbo), and pea (Pisum sativum L., cv. Alaska) phytochrome was conventionally purified (9) and subsequently immunoprecipitated. Oat pfrP'le was obtained as described above. Phytochrome immunoprecipitates were made and prepared for electrophoresis as described earlier (1) . Electrophoresis was carried out in cylindrical 5% polyacrylamide SDS gels as above.
After electrophoresis, gels were fixed overnight in 12% (w/v) TCA and stained with Coomassie brilliant blue R or by a modification of the PAS procedure described by Zacharius et al. (19) . 
RESULTS
To minimize repetition with the "Discussion", we will present the results here without attempting to make clear in each case why the experiments were performed.
PfrP'le, like PfrP"'d (1) , exhibits a distinctly reduced mobility when coelectrophoresed with Pr'-1 (Fig. 2) . If Pre" and PfrPle are electrophoresed in adjacent tracks in SDS polyacrylamide gel slabs, the reduced mobility of PfrP'e is readily apparent (Fig. 3) .
Co-electrophoresis of Pr
Pf and pfreUP shows that PfreuP also has a slower mobility (Fig. 4) .
Pfrwl electrophoreses only marginally more slowly than Pr"" as shown by observation of polyacrylamide slab gels (Fig. 5) and by companson of isotope distributions (Fig. 6) mobility it appears that Pfr"" electrophoreses with a mobility intermediate between that of Pr" and Pfre"'d or pfrPfle although it appears to be more similar to Pr"'.
Analysis of PrP 'ed preparations show that they electrophorese faster than Pr" (Figs. 3 and 8) . The expected faster mobility of Pr""ed compared to pfrP'ed was also obtained (Fig. 8 ).
During coelectrophoresis with Pr"", PrP'le migrates with a mobility indistinguishable from that of Pr"" (Fig. 9) . The microcomplement fixation assay, a sensitive indicator of antigenic activity, also did not detect a difference between Pr"" and PrP'" (Fig. 10) . The chromatographic rates of Pr"" and PrP'le through a Sephadex G-200 column were also indistinguishable (Fig. 11 ).
Pr"' shows a mobility similar to that of Pr"' (Fig. 12) . The expected reduced electrophoretic rate of Pfr eed compared to Pr"' is also seen (Fig. 12 ).
Electrophoretic analysis of Pr"" that was given R immediately upon extraction shows that the modification, which leads to a decreased electrophoretic rate, can be induced by irradiation in vitro. R-irradiated Pr"" migrated with a slower mobility compared with Pr" on an SDS polyacrylamide gel slab and with an indistinguishable mobility compared to Pfr""" (Fig. 13) . Conversely, if Pfrp"e iS given a saturating dose ofFR immediately after extraction, this phytochrome does not show reduced mobility. Pfrp'e + FR migrates at a rate indistinguishable from that of Pr"" and more rapidly than pfrP"' (Fig. 14) .
Partially purified phytochrome in the Pfr form which was exposed to the extraction and isolation procedures used to obtain PfrP'le electrophoresed at a rate indistinguishable from that of exogenous phytochrome added as Pr (Fig. 15) ogenous Pfr (Fig. 15) . PAS staining of SDS polyacrylamide gels after electrophoresis of immunopurified Garry oat phytochrome did not detect any carbohydrate (Fig. 16b) . No PAS reaction was obtained for phytochrome after electrophoresis of an immunoprecipitate of PfrP'e (Fig. 16f) , a phytochrome species that has a reduced electrophoretic mobility (Figs. 2 and 3) . No sugar was detected on phytochrome in polyacrylamide gels after electrophoresis of immunoprecipitates of pea, rye, barley (Fig. 16c-e) and Newton oat (not shown) phytochrome. Thus, absence of a positive reaction for Garry oat phytochrome is not an isolated observation. Such negative results were obtained with a total of 25 different gels.
Several PAS-stained gels show a carbohydrate-containing band near that of phytochrome (Fig. 16c-f ). This band, however, is not phytochrome. Its position corresponds to a size of about 80,000 daltons, significantly removed from the 120,000-dalton phytochrome band. This band has been obtained after electrophoresis of many phytochrome immunoprecipitates and is probably derived from antiserum rather than from phytochrome preparations.
An absorbance scan of one of the Coomassie blue-stained gels (Fig. 16) shows that the expected protein bands may be readily resolved (Fig. 17) . Since heavy protein loads were applied the 13 . Photograph of an SDS 5% polyacrylamide gel slab after electrophoresis of immunoprecipitates of Pr"", R-irradiated Pr" (Pr" + R) and PfrPfle. The 118,000-dalton phytochrome monomer is located near the middle, the 50,000-dalton immunoglobulin heavy chain near the bottom. The origin is at the top. protein bands appear smeared in photographs and are not symmetrical in a gel scan (Fig. 17) .
DISCUSSION
Our earlier report (1) documented a change in phytochrome that was pelleted and subsequently released from particulate material in the Pfr form as initially reported by Grombein and Rud' er (3) and Yu and Carter (17, 18) . Compared with Pr"", Pfrp showed greater microcomplement fixation activity, eluted more rapidly from a Sephadex G-200 column, and electrophoresed more slowly on 5% polyacrylamide SDS gels (1).
The relative electrophoretic mobilities of the preparations outlined in Figure 1 are summarized in Table I . Additional electrophoretic comparisons which are not presented graphically are presented here to show that predicted relative mobilities were experimentally verified. The internal consistency among the relative mobilities of the various phytochrome preparations should be stressed. Each preparation was labeled independently with both 3H or 5S. Thus, except for some comparisons shown only in Table  I , each coelectrophoretic companson was carried out independently at least twice and the possibility of an isotope effect was simultaneously eliminated. of phytochrome to different extraction conditions or a differential reactivity of the two forms, could also account for the alteration seen in PfrPed. In the discussion that follows we shall consider these possible explanations for the modification.
Is modification of phytochrome required for in vitro expression of pelletability that was induced in vivo? If this were the case one would expect PrP'le to show the modification since this phytochrome was extracted when it was in a potentially pelletable condition (12) . Since PrP'le did not differ from Pr"' during complement fixation (Fig. 10) , gel exclusion chromatography (Fig.  11) , or SDS polyacrylamide gel electrophoresis (Fig. 9) sible.
Are the Pr and Pfr forms of phytochrome differentially labile to the extraction conditions? If this were the case, then partially purified phytochrome, added to the grinding medium as Pfr and exposed to the same extraction and isolation conditions as endogenous Pfr"'', would exhibit a reduced mobility. Exogenous Pfr added to extraction medium that was used for homogenization of R-irradiated oat shoots did not show changed mobility compared to exogenous phytochrome added as Pr. Exogenous Pfr migrated more rapidly than PfrP"'1 as expected (Fig. 15) . Thus, reduced electrophoretic mobility is not due to a simple differential lability of Pfr to extraction conditions.
In view of the more extensive observations presented here, the suggestion of Yu and Carter (17, 18) that phytochrome is altered as a simple consequence of its conversion to the pelletable condition needs to be reevaluated. Since neither Yu and Carter (17, 18) nor Grombein and Rudiger (3) investigated alternative possibilities for causing the alteration in gel chromatographic behavior properties that they observed, it may not be concluded that there was any causal relationship between phytochrome pelletability and their observations.
In an attempt to explain our observations, we note that our data are consistent with the hypothesis that the modification we have described occurs in vitro, when two conditions are met. First, phytochrome must be extracted as Pfr or must be converted to Pfr soon after extraction. PfrPee and PfrsUP showed reduced mobility (Figs. 2-5 ), as did R-irradiated Pr" (Fig. 13) Fig. 17 ). An Figure 16e . The gel was scanned with a Shimadzu MPS-50L spectrophotometer (Shimadzu Seisakusho Ltd., Kyoto, Japan) at 466 nm. The two major bands are undegraded phytochrome (P) and immunoglobulin heavy chain (H). requirement would explain why PrP'le, PrP'ed, and FR-irradiated PfrP'le did not exhibit reduced mobility (Figs. 3, 8, 9 and 14) . The necessity for phytochrome to be in the Pfr form in order to be modified is not unreasonable since Hunt and Pratt (5) have reported that Pfr as compared to Pr has one more each of histidine and cysteine that react immediately with modifying reagents.
The question of why PrP'd electrophoreses more rapidly than Pr" is raised here (Figs. 3 and 8 ) but no attempt is made to answer and form in which phytochrome is extracted and partially purified.
Roux et al. (14) reported detecting carbohydate on phytochrome by PAS staining of SDS polyacrylamide gels in 80 ug of a 60% pure sample, or on about 50 ,ug of phytochrome. We were unable to obtain a positive reaction with up to 80 ,ug of phytochrome. The procedures used here detected sugar on 100, g immunoglobulin G, which contains 2.9% carbohydrate (6) , following electrophoresis (Fig. 16a) Because of our inability to repeat one of the observations leading to the conclusion that phytochrome is a glycoprotein, and because of other uncertainties in the data used to support this conclusion as discussed above, we conclude that the question of whether phytochrome is a glycoprotein must be reevaluated. We also conclude that, since no sugar was detected in phytochrome preparations that electrophorese with reduced mobility in SDS polyacrylamide gels, the reduced mobility may not be attributed to a change in the carbohydrate composition of phytochrome that is detectable by this staining procedure.
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